Introduction
The analysis of the recent demographic development of the Portuguese population reveals a marked change in its age structure, with a distinct aging process, resulting both from decreased levels of fertility and a progressive decrease in mortality levels, in both genders and in all age groups. Additionally, the contribution of migration to population growth and reproduction has substantially decreased, being now insufficient to ensure population growth and to counteract the aging, process. As a consequence, natural increase diminishes (Statistics Portugal, Demographic Indicators) and the population is increasingly aging. Between 1992 and 2011, the number of people aged 65 years and more increased by approximately 42%, accounting for 19.1% of the total population at the end of the period. It is clearly above the EU-27 average (17.5%) and only exceeded by Germany (20.6%), Italy (20.3%) and Greece (19.3%) 1 . At the same time, the proportion of individuals who complete all higher levels of education rise in both genders and in all age-groups 2 . Demographic ageing is a major challenge for political decision makers, due to its inevitable impact on social support, health care and the labor market. The population's ageing changes its pattern of health status. 2011-2031, considering the expected changes in population structure by gender, age group and educational attainment.
Methods
This study consists of three main parts: (1) demographic projections by gender, age group and educational level, for the Portuguese population, for the period 2011-2031, (2) a study of the impact of age and education on the indicators of health status and health services utilization, and (3) the subsequent projection of these outcomes for the same period.
Demographic projections by gender, age group and educational level
A multistate demographic model 7 was used to produce demographic projections by gender, age group and educational attainment, at the national level, using discrete matrix equations 8 . Each group of the population (by gender and age group) was divided into four categories according to the highest level of education completed:
1 (Springer Netherlands, 2006) . drive the population dynamics remain constant across each five-year projection period. Besides the estimation of transition probabilities between levels of education, by gender and age group, it was also needed to consider the existence of differentials regarding fertility, mortality and migration, by level of education. For this purpose, data from the 2001 and 2011 censuses, national projections produced by Statistics Portugal (Instituto Nacional de Estatística (INE), I.P.), the Labour Force Survey (INE, I.P.) and the 2010 Revision of the World Population Prospects (United Nations) were all used in order to estimate the necessary parameters.
The age-and education-specific survival ratios, fertility rates and transition probabilities estimates were disposed into a block Leslie matrix. This matrix was, together with a vector for net migration, used to estimate the number of individuals from each gender, age group and education level, by the end of each five-year projection period.
Two scenarios were considered, one where educational attainment prior to 2011 remains constant and another in which educational attainment will follow the trend observed over the last decade, being the trend in the state proportion modeled using continuation ratio models.
Impact of age and education on health status and health services utilization
The study of current differences in health status and health services utilization by age and educational level was based on the data from the fourth edition of the National Health Survey (4 th NHS), a representative survey of the Portuguese population, planned and conducted by the Statistics Portugal and the National Institute of Health Dr. Ricardo Jorge (INSA), in collaboration with the Directorate-General of Health. The 4 th NHS collected information on health status, health determinants, use of health services and sociodemographic characteristics of individuals, being the first edition to cover the entire national territory, including the Autonomous Regions of Azores and Madeira. The questionnaire was administered by direct interviews of a representative probability sample of the Portuguese population, between February 2005 and February 2006. The study population included individuals living in family housing units (therefore excluding people living in collective accommodations). A total of 41, 193 individuals living in 15,239 family housing units were interviewed with a nationwide completion rate of 76%.
Health status outcomes were: self-reported health status, classified as "very good", "good", "fair", "bad" or "very bad"; chronic diseases, determined by the presence of at least one of 19 presented chronic diseases; long term disability, if any difficulty or complete inability to perform at least one of a set of tasks of daily living was reported. Indicators of health services utilization were: at least one medical consultation in the last three months and the use of prescribed medicines in the two weeks preceding the survey.
To study the differences in health status and health services utilization by age and educational level, logistic regression models 9 were separately estimated for each gender. Dummy variables referring to five-year age groups and levels of education were used as explanatory variables. Only individuals aged over 15 years were considered, since only cases when the answers were given by the respondent himself, and since the educational level cannot have a great impact on the health status and the use of health services among children. The same four categories were considered for educational attainment: No education/Primary; Lower Secondary; Upper Secondary and Higher Education. Both for the variables corresponding to age and to educational level, we used a deviation coding scheme, in which the effect of each class is compared with the average of all groups 10 .
Projection of indicators of health status and health services utilization
In order to analyze the influence of education on the health status and the use of health services in the Portuguese population, results from the projections under the constant versus trend scenarios were compared.
We also considered two projection scenarios on the differences in health status and utilization of health services by level of education: a stable scenario, where it is assumed that the estimated differences based on the fourth edition of the NHS will remain constant throughout the period projection, and a variable scenario, in which these differences follow the changes observed between different editions of the NHS. To study the evolution of the differences over time, tests for structural change of the regression models were performed, considering the second and fourth editions of the NHS (conducted in 1995/1996 and 2005/2006, respectively) . In cases where the variation in the impact of education was statistically significant, the corresponding coefficient at the start of the projection period (estimated using the most recent NHS) was multiplied by the same factor, to obtain the magnitude of differences observed 10 years later. Since the sample from the 1995/1996 edition of the NHS is only representative of the population from mainland Portugal, only these regions were considered in such calculations. Furthermore, due to the absence of data concerning the consumption of prescribed medicines in the two weeks preceding the survey on the 1995/1996 edition, the multiplication factors estimated for the existence of at least one medical consultation in the last three months were used.
The expected proportions of individuals in each category of the dependent variables, for each gender, age group and educational level, were applied to the estimated number of individuals in each of the strata defined by gender, age group and educational level, obtained from the demographic projections previously described.
Software
The methodology for producing the demographic projections was executed with Microsoft Office Excel 2010. The R software (version 2.13.1) was used to construct the necessary life tables, through the Life Tables library, and to model the trend for the schooling levels of the Portuguese population (VGAM library).
In the last two tasks, logistic regression models were fitted using IBM SPSS Statistics 19 software and Microsoft Office Excel 2010 was used to compute the estimates for proportions of ill-health and use of health services.
Results

The Portuguese population by gender, age and educational attainment
Concerning the results of demographic projections by educational attainment between the years 2011 and 2031, we can in both scenarios expect a decrease in the total number of residents in Portugal, from 10, 636, 979 to 10, 284, 134 inhabitants in the constant scenario or to 10, 265, 109 in the trend scenario. The age structure of the population is expected to change significantly, in relation to the baseline year: the proportion of individuals above 65 years is expected to increase to approximately 22%, while the proportion of children and young people under 15 years is projected to be slightly above 14%, by 2031.
The proportion of residents who complete at least lower secondary education will continue to rise, expecting over half of the population to finish this level of education by 2031 (table 1) . Even with fixed transition proportions (constant scenario), the levels of education of the whole population will tend to increase over time, as younger and more educated cohorts replace older cohorts. The trend scenario leads to an acceleration of that trend, since it is based on transition proportions that follow the trend of the last decade and, as such, increase during the projection period.
Health improvements should be evident in the age group 15 to 64 years (figure 1), caused by the reduced proportion of those who did not complete the lower secondary level -from 39.4% in 2011 to approximately 25% by 2031 (26.65% under the constant scenario and 22.03% in the trend scenario).The percentage of individuals who have a 'higher education course' in the same group is also expected to rise from 16.4%. In the same figure, we see an increase in the total number of people aged 65 or over, together with a clear change in its educational structure: by 2031, 40.3% of individuals in this group should have completed at least lower secondary education, i.e. a rise of 26.8 percentage points compared to since 2011, whilst the percentage of people with higher education in 2011, is expected to increase from 4.6% to 13.04% by 2031 in both scenarios. The distribution of residents by all three variables -gender, age group and educational level -can be analyzed through the construction of multistate population pyramids. The comparison between the observed population structure in 2011 and that estimated for 2031 (figures 2, 3 and 4) indicates that the proportion of individuals who complete higher levels of education should increase in all age groups of both sexes, according to any of the scenarios. In all age groups, the percentage of men who never completed lower secondary education was slightly higher than for women (57.2% of men and 57% of women) in 2011, a situation that remains throughout the projection period, with 42.4% of men without completed lower secondary education, against 39.95% of women (trend scenario) by 2031. Among women, 13.6% had completed some level of higher education in 2011, a figure that is expected to approximately 23.4% by 2031, whereas among men this figure was only 9.7% in 2011 and should rise to 15.5% by 2031. Since the educational level of younger cohorts seems to continue to evolve positively, 0 100.000 200.000 300.000 400.000 500.000 600.000 700.000
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Women 0 100.000 200.000 300.000 400.000 500.000 600.000 700.000 0-4 5-9 the transition to a higher level of education in the population becomes irreversible, and the proportion of elderly people with higher levels of education will continue to increase. The results from the logistic regression models based on data from the 4 th NHS (table  2) suggest that the effect of education (adjusted for age) is observed mainly on the self-perception of health status, among both men and women. Generally, individuals who have completed higher education tend to classify their health status more positively, in relation to the entire population, and those who did not complete lower secondary education tend report worse figures. For the remaining indicators, the effect of education doesn't seem to be so obvious.
Health status and health services utilization, 2011-2031
Statistically significant differences indicate a higher risk for individuals without lower secondary education to have at least one chronic disease or long-term disability. The reduction of this risk among individuals with higher education occurs mainly with respect to long-term disabilities. Those who have secondary education have a statistically significant lower risk of suffering from chronic diseases. With respect to the use of health care, the effects of education appear to be more clearly manifested among women. On the other hand, higher education seems to be associated with an increased risk of having medical appointments in the last 3 months, whilst, the use of prescribed medicines seems to be more associated with educational levels among women than among men. According to projected prevalence for each indicator, the variable scenario (table 3) suggests, on the one hand, an improvement in perceived health status and the prevalence of long-term disabilities, which might, on the other hand, be accompanied by an increased use of health services (medical consultations and use of prescribed medicines), both among men and women. For the end of the projection period, the trend scenario results in more positive outcomes in both genders and for all indicators of health status, particularly with respect to the presence of chronic diseases among men. The major differences between the two scenarios are actually found for the presence of chronic diseases among both men and women. The proportion of individuals who classify their health status negatively, having some chronic disease or long-term disability, will continue to be considerably higher among women than among men. Gender differences are also reflected in the use of health services. Hence, the female dominance is particularly evident with regard to the use of prescribed medicines and the prevalence of chronic diseases. Figure 5 shows exactly these differences between men and women, considering the trend scenario for education.
Discussion
Demographic projections for the period have been made for the Portuguese population by sex, age group and level of educational attainment. The multistate projection model was used in order to cover dynamics inherent to demographic behaviour. Besides the estimation of transition probabilities between levels of education, by gender and age group, it was also needed to consider the differentials regarding fertility, mortality and migration, by level of education. We established two scenarios, a constant and a trend scenario.
These demographic projections provided the basis for projecting the expected changes on the population health status and health care utilization. We found that the expected self-reported health status is the indicator that has the more obvious improvement, with an increase in the proportion of residents who rate their health as "fair", "good" or "very good", according to all scenarios and for both genders. This is also one of the indicators for which increasing levels of education (trend scenario) seem to have a greater impact, when compared to their maintenance (constant scenario). The same is true also, and even more obvious, to regarding the presence of 
Use of prescribed medicines chronic diseases in both genders. We can consider this impact to be solidly positive, since the trend scenario results in lower prevalence of both individuals who classify their health status negatively as well as of those suffering from chronic diseases.
We may assume that, if increased longevity is accompanied by an increase in the number of years lived in good health, aging may not necessarily translate into the same growth of health expenditure. Improved health status will, in principle, be reflected in a lower use of health services and can consequently lead to lower health expenditure 11 . Our results also indicate a future improvement in health status (particularly in self-reported health status and in the prevalence of long-term disabilities) due to a rising level of education in future generations, however, for the same reason a more extensive use of health services (medical consultations and use of prescribed medicines). In fact, as discussed by Frie, Eikemo and von dem Knesebeck (2010) 12 , there is a positive association between having more years of education and the frequency to consult a doctor. Therefore, we might question whether, in the coming decades, the increased use of health services can lead to better health status, and lead to lower expenditure with health services.
Projecting the health status of a population is a complex and challenging task, given the difficulties associated with the estimation of changes in morbidity and* the measurement of health 13 . The presented projections follow a "what if" approach, through the definition of different scenarios for the trends of educational levels and the differences between these levels in relation to health status and use of health services. Thus, the uncertainties are evident. Nevertheless, these projections are points of departure when estimating and getting prepared for the future impact of aging and education on the population's health status, influencing the main demand for health services. These scenarios will have an impact upon health organization and health expenditures, the two major considerations for political and administrative decision making in the field of public health. EU Member States (2010 -2060 . European Economy, 2/2012 2/ (Brussels, 2012 .
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